For air quality modeling, the Gaussian plume model has been extensively used to analytically solve the steady and unsteady transport equation including the effects of particle deposition and settling. Along with the standard analytical solution of the Gaussian plume model for modeling air pollution dispersion in the atmosphere this work explores the adaptation of a Lagrangian Branched Atmospheric Trajectory approach for computing ground level concentrations of PM10 (suspended Particulate Matter of aerodynamic diameter of less than10 micro meter), PM2.5 emitted from different air pollution sources in and around the city of Ahmedabad, India. With a transport time step of 6 hrs, the model includes necessary meteorological data which couple with multi-pollutant emission grid. The results obtained from the model are found to be very close to the measured PM10 data (2009)(2010)(2011) from Gujarat Pollution Control Board.
various locations in Ahmedabad city as shown in Fig. 1 . and each source has a different rate of emission. While propagating the concentration profile of pollutant maintains a certain pattern depending on various meteorological parameters. 
Gaussian Plume Dispersion Model
The analytical approach is applied to obtain a direct mathematical solution by using some well known functions which provides a closed form expression thereby making it easier to solve the problem within the reasonable assumptions made to transform the problem. As there is a clear similarity between the Gaussian distribution and the concentration profile of pollutants in air, the Gaussian distribution function defined as 
serves as an approximate analytical solution to the transport equation for pollutant concentration in space and time as
Here C ( , t) is defined as the mass-concentration of a single pollutant, (kg m -3 ) and S ( , t) is a source or sink term for the pollutant, (kg m -3 ). Wind velocity is and eddy diffusivity is K ( ).
The units of wind velocity and eddy diffusivity are (m s -1 ) and (m 2 s -1 ) respectively. To solve the transport equation, one must provide necessary and sufficient initial and boundary conditions. These conditions are stated below.
Initial conditions:
Boundary conditions:
Implementation of these conditions results in the steady-state analytical solution as outlined in Stockie (2011) for the spatial and temporal variation of pollutant concentration in a given domain of interest as 
where U set corresponds to gravitational settling speed and as a result the velocity becomes ( ( ),0, ) and erfc(x) is the complementary error function which is denoted by, erfc(x) =1-erf(x) . Actually, the distributions in y and z direction are measured from the centre line of plume propagation. Here the centre line is assumed to be at a height H above the ground level. So, the distance between the point of interest and centre line is (z-H).
Lagrangian Branched Atmospheric trajectory model: ATMoS
The Lagrangian Urban Region Branched Atmospheric Trajectory Model is applied through a software called ATMoS (Atmospheric Transport Modeling System) as reported by Guttikunda (2009) . The Lagrangian reference frame is computationally more efficient than the simplest finite-difference scheme in Eulerian frame. Also, the Lagrangian frame is more effective for minimizing the numerical dispersion which arise from the discretizing error in the advective terms of the transport equation. In Lagrangian reference, the advective term disappears as the co-ordinate system moves at the same velocity of mean flow. Thus the Lagrangian frame almost entirely avoids the numerical dispersion as in Lauritzen et al. (2011) . While following an individual particle trajectory in Lagrangian framework, all the factors that affect the propagation is accounted duly in calculations.
[
The local instantaneous concentration (c) and the local instantaneous velocity (u) can be described in terms of turbulent fluctuations as:
The time-averaged puff velocity is denoted by U and the pollutant concentration (averaged over a long time scale with compared to those turbulent fluctuation) based on mean crosssectional are normal to the direction of flow is denoted by C. The local values of the temporal mean value of u are referred as u a whereas u′ is the instantaneous deviation from the mean. Similarly, c a denotes the local values of the temporal mean value of c whereas c′ is the instantaneous deviation from the mean as in Moreira et al. (2010) .
The terms of [ ] a a u c and [ ] u c ′ ′ refer to differential convection and turbulent diffusion respectively. Clearly, the turbulence effect is negligible with respect to convective effect. So, Equation (3) can be written in the form of Equation (4).
and applying the analogy of Fick's Law this can be written as (4) can be approximated by:
where
Here, the concentration of pollutant based on the cross-sectional average at the segment k is referred as C k . The segment volume is defined by A x. Along the trajectory and its branches, the location of a particular parcel and its concentration is computed by using the following formulae:
Here, x is the Eulerian or actual (stationary) distance co-ordinate along the domain. U is the mean wind velocity and x 0 is the location of puff (parcel) at time t=0. T t refers to travel time. c 0 refers to concentration of the pollutant of plume at time zero and c is the concentration of pollutant after time t=T t . ATMoS uses Heun's method to perform the computation of definite integral in Equation (14) and (15) which must be solved for a series of plume parcel and also the locations of these parcels are continually tracked. Thus, it will provide a solution grid constructed over space and time. Tracking ceases when the computation reaches the boundary, tracking ceases or if at any point of time concentration, c drops below 0.1% of its initial value of pollutants at source. However, the computation also stops when 5 days/120 hours are over or the trajectories leave the modeling domain (whichever is earlier).
Results and Discussion:

Results from Gaussian Plume Dispersion Model
Analytical Gaussian Plume solution has great significance and physical insight. Basically, to obtain results with the analytical approach Equation (6) is directly used. Wind of uniform velocity of 5 m s -1 from West to East has been assumed to initialize the transport of the pollutants in the domain of interest in the first iteration. A time averaged wind velocity from the local meteorological data is also used to obtain the desired result. The simple analytical Gaussian plume model incorporating the deposition and settling effects is applied to model the dispersion from the various sources different sources located at Ahmedabad city. The manner in which the pollutant concentrations vary along the altitude (X-Y plane) in the domain of interest is shown in Fig. 2 . 
Results from ATMoS Simulations
To check the validity of the results obtained from ATMoS, data published in the Annual Pollution Report (2009) (2010) of the Gujarat Pollution Control Board (GPCB) is used in Figure 6 which compares the measured and computed ground level concentrations of PM10 at various places in Ahmedabad in 2009-10. A graphical comparison of computed and measured ground level concentration of PM10 is shown in Fig. 7 . While the analytical Gaussian model is a very simple to implement, in this study it is observed that this simple approach did not result in a significant match with the results from the ATMoS simulations. Within a certain radius of ~5-6km from the source, the concentration values modeled using the analytical Gaussian plume solution matches the predicated results from ATMoS. Beyond this distance, the Gaussian plume solution shows very low concentration values of pollutant and thus it fails to represent the actual scenario. While there is scope to enhance the analytical solution, it appears that the model can only compute the pollutant concentration reasonable well over a short distance of few hundred meters to ~5km from the source. The main reason is the way it handles its input parameters --meteorological and emission data for the domain. In the analytical model, only point source emission is modeled and results are obtained only on the basis of the point source emission rate. The simple analytical Gaussian model can not include the ground level pollution sources e.g. vehicular exhaust, sand storm or household emission. Thus the simple Gaussian model fails to predict the concentration values at a longer range beyond the radius of 5-6 km from the source.
Conclusion
The validation study with GPCB data and comparison study with analytical model of Gaussian plume clearly proves the credibility and authenticity of ATMoS. For air pollution dispersion modeling in urban areas (like Ahmedabad) ATMoS is very well suited and it proves to be simple and computationally cheap. In this study ATMoS shows excellent performance and almost accurately follows the measured data by GPCB.This study will serve as a basis for
